The present report overviews a new family of bovine serpins able to inhibit pseudo-irreversibly initiator and effector caspases, a group of cysteine proteases in charge of cell dismantling during apoptosis, a finely regulated cell death process. The 8 members identified at the gene level showed a high homology with human SERPINA3 and were therefore designed bovSERPINA3-1 to A3-8. At least six of them are able to inhibit caspases. Two of them (bovSERPINA3-1 and A3-3) have been purified from bovine muscle and extensively investigated during these last years. After a general presentation of the serpin superfamily, the kinetic aspects of their interaction with human caspases 3 and 8 were studied and findings obtained suggest that caspases could be their target enzymes in living cells. In muscle and primary myoblast in culture, they showed an intracellular localization and because of their high level in blood, they can be exported. Two biological functions (potential regulator of apoptosis and expression during myoblast differentiation) were investigated and it was concluded that they are very likely an efficient regulator of apoptosis, a proposal supported by their high expression in proliferating myoblast (cell survival is essential during this differentiation phase) but not in myotubes.
INTRODUCTION
Apoptosis is a fundamental process in the development and maintenance of multicellular organisms and its complex regulation [1] and is commonly not functional in human cancers and some other pathologies related to apoptosis dysfunction [2] . In this respect, the ratio of antiapoptotic molecules to proapoptotic molecules might be more important than absolute amounts of each of them [3] . At the molecular level, the apoptotic cell death machinery forms a complex cascade of ordered events, controlled by the regulated expression of apoptosis-associated genes and proteins. It is the concerted action of these components that finally results in cell dismantling [1] . The key components of this self-destruction machinery are members of the caspase family, a group of cysteine peptidases classified apart from peptidases of the papain family. As suggested in [4] , caspase inhibitors are one of the most important control points, if not the control point, for apoptosis execution. Naturally occurring caspase inhibitors include seven members of the mammalian IAP (inhibitors of apoptosis proteins) family. The mode of inhibition of caspases by IAPs greatly differ from the traditional mechanisms known for cystatins, serpins and other peptidase inhibitors families mostly interacting with their target peptidase in a substrate-enzyme manner. By contrast, binding with relatively low affinity (Kd in the µM range) of IAPs in the vicinity of the active site creates a sufficient steric obstruction to prevent access of the active site to protein substrates, small peptide substrates being hydrolysed after IAPs binding [1, 4, 5] . The anti-apoptotic function of the IAP proteins family can be cancelled by specific inhibitors of this interaction, i.e. Smac/DIABLO and Omi/HtrA2 proteins [6] . In human, the only one other natural caspase inhibitor identified so far was the proteinase inhibitor 9 (PI9) which inhibits weakly and slowly caspase 1 with a k ass of 7 × 10 2 M -1 ·s -1 suggesting that it will not be physiologically efficient [7] . We report here the general properties and potential biological functions of a group of serpins, identified in bovine skeletal muscle and able to inhibit strongly and pseudo-irreversibly human initiator and effector caspases. This is the first time that mammalian tissues were shown to express pseudo-irreversible caspases inhibitor belonging to the serpin superfamily.
GENERAL PROPERTIES OF SERPINS

The Serpin Superfamily
Serpins are a group of proteins with similar structure that were first identified as a set of proteins able to inhibit proteases. The acronym "SERPIN" was originally coined because many serpins inhibit serine proteases (SERine Protease INhibitors). Over 3000 serpins have now been identified; these include 36 human proteins, as well as molecules in plants, fungi, bacteria, archaea and certain viruses [8] . Serpins are thus the largest and most diverse family of protease inhibitors.
While most serpins control proteolytic cascades, certain serpins do not inhibit enzymes, but instead perform diverse functions such as storage (ovalbumin), hormone carriage proteins (Thyroxine-Binding Globulin) and tumor suppressor genes (maspin). The term "SERPIN" is used to describe these latter members as well, despite their non-inhibitory function. Inhibitory serpins were later shown to be cross-class inhibitors since they are able to inhibit other groups of proteinases especially cysteine peptidases [9, 10] .
Inhibitory serpins are generally highly metastable proteins comprising several α-helix and β-strands together with an external reactive center loop (RCL) containing the active site recognized by the target enzyme ( Figure   1(a) ) [11] . The sequence of the RCL defines the enzyme specificity pattern of each serpin. All inhibitory serpins are irreversible covalent "suicide" protease inhibitors forming a highly stable covalent complex with their target enzyme, a complex detectable after gel electrophoresis in denaturing conditions [9, 12, 13] . A large set of information together with the serpin classification are also available at the following web site: http://en.wikipedia.org/wiki/Serpins.
Structural Features
As shown in Figure 1(b) for α 1 -antitrypsin or SER-PINA1, upon cleavage of the RCL, the serpin adopt quickly a more stable conformation by insertion of the RCL within the β-strand series [14] . This property is essential to the irreversible suicide substrate inhibitory mechanism of serpins. In the inhibitory pathway, the proteinase forms a non-covalent Michaelis-like complex (Figure 1(c) ) through interaction with residues flanking the scissile bond (P1-P1') [15] . Attack of the active site serine on the scissile bond leads to a covalent ester linkage between highly reactive "Ser" residue of the proteinase and the backbone carbonyl of the P1 residue and cleavage of the peptide bond. It is likely that only at this stage, with removal of the restraint, does the RCL start to insert into β-sheets and transport the covalently bound proteinase with it. Upon complete loop insertion the proteinase is translocated to the distal side of the serpin (Figure 1(d) ) [16] . This translocation induced an important distortion of the proteinase which became unable to complete the catalytic process. The energy needed to effect the distortion may come from the much greater stability of the cleaved loop-inserted conformation compared with the native-like conformation. [11] ; (b) Cleaved α 1 -AT (PDB entry 7API): Upon RCL cleavage, the loop inserts into the serpin core constituting an additional strand [14] ; (c) Michaelis complex between Serpin A1 (Alaserpin from Manducasexta) and trypsin (PDB entry 1I99 [15] ; (d) Covalent complex between α 1 -AT and trypsin (PDB entry 1EZX). The enzyme is transported to the distal part of the serpin and undergoes an irreversible deformation responsible of the enzyme inactivation [16] . In (b) and (d) the inserted RCL is in purple. AT, antitrypsin or serpin A1.
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Analysis of Protease-Serpin Interactions
Given the general mechanisms reported so far, kinetic values are determined under the assumption that inhibittion is irreversible. In such case, the inhibition constant (Ki) is of no interest and will bring no information about the enzyme-serpin interaction. The major macroscopic parameters that define the effectiveness of serpin inhibittion of a particular target protease are the stoichiometry of interaction (SI) and the apparent second order rate constant of inhibition (k ass ). Another parameter can be the stability of the covalent complex during the inhibittion process often characterized by SDS-PAGE analysis, the complex being stable in the presence of SDS even after heating in boiling water.
BOVINE CASPASE INHIBITING SERPINS: KINETIC OF INTERACTION
The two first 70 and 75 kDa serpins able to inhibit strongly initiator (caspase 8) and effector (caspase 3) caspases [17] were purified from bovine skeletal muscle as previously reported [18, 19] and characterized. These were designed bovSERPINA3-1 (Swiss Prot ID: Q9TTE1) and bovSERPINA3-3 (Swiss Prot ID: Q3ZEJ6) [20] according to the established nomenclature recommendations [9] . Because of their high homology with human α 1 -antichymotrypsin or SERPINA3 (≈75%) they were assumed to belong to this group of serpin and called bovSERPINA3-1 or A3-3. Their activity was tested against a large set of serine and cysteine proteases including bovine pancreatic trypsin; Human leukocyte elastase (HLE) and cathepsin G; bovine plasma chymotrypsin, plasmin and thrombin; Human kidney cells urokinase; Tissue Plasminogen Activator from human melanoma cells; porcine pancreatic kallikrein; papain; bovine liver cathepsins B and L; bovine muscle calpains and recombinant human caspases 3 and 8 and both SI and k ass were determined for all strongly inhibited proteases.
Stoichiometry of Interaction with the Susceptible Peptidases
The stoichiometry of interaction was determined by titration of the target enzymes (HLE, trypsin, caspases 3 and 8) with increasing amounts of either bovSERPINA3-1 or A3-3 as in [21] . As shown in Table 1 , total inhibition of trypsin and human leukocyte elastase was achieved using equimolar concentrations of either serpins suggesting a 1:1 interaction ratio.
Regarding caspases, analysis of the findings of Table  1 needs to remind that each molecule of caspases is a tetrameric structure comprising two associated moieties composed of a large and a small subunit, each moiety containing an active site, i.e. two active sites in each native caspase. An equimolar interaction (1 mole of inhibittor per active site) was thus observed for the inhibition of caspase 3 by bovSERPINA3-1. That means that, for total inhibition of the caspase, one molecule of bovSER-PINA3-1 must bind to each active site of caspase 3. In all other cases, namely inhibition of caspases 3 and 8 by bovSERPINA3-3 or inhibition of caspase 8 by bovSER-PINA3-1, one mole of inhibitor inactivates simultaneously the two active sites (0.5 mole of inhibitor per active site) suggesting that association of the inhibitor to one of the two active sites induces a sufficient allosteric conformational change of the homodimeric peptidase to make the second site unable to bind substrates.
Association Rate Constant towards Different Cysteine and Serine Proteases
Apparent Association rate constant (k app ) was measured according to the discontinuous method for enzymes interacting slowly with the serpins (k app ≤ 10 4 M -1 ·s -1 ) whereas the continuous method was used for rapid enzyme/serpin interaction as in [21] . The association rate constant is then determined according to Eq.1:
For fast serpin/enzyme interaction, the apparent association constant determined by the continuous method was finally determined according to Eq.2:
where [S] is the substrate concentration used for activity measurement and Km the Michaelis constant characterizing the affinity of the protease towards the substrate. As depicted in Table 2 , bovSERPINA3-1 and bov-SERPINA3-3 showed a similar pattern towards the proteinases tested. No inhibition was detected against five of the serine peptidases tested including Cathepsin G, Kallikrein, Urokinase, Plasminogen activator and Thrombin. By contrast, bovSERPINA3-1 and A3-3 are able to ) while chymotrypsin and plasmin were only slightly inhibited and the k ass values obtained for these two last enzymes are not of physiological significance [18, 19] .
As serpins are able to inhibit some cysteine proteases, bovSERPINA3-1 and A3-3 were tested against papain like enzymes including cathepsins B & L and papain itself and against calpains 1 and 2, two calcium dependant cysteine peptidases. Neither of these cysteine proteases was inhibited by the present serpins [18, 19] .
Bovine serpins were also tested against a group of cysteine peptidases called caspases. The first letter of the name "C" stands for the cysteine of the active site; "asp" defines the strict specificity of cleavage after an aspartic acid residue and ase is the suffix common to all enzymes. These are responsible of cell dismantling during apoptosis, a finely regulated cell death process and according to their function in the cell dying process, they were classified as initiator (caspases 8, 9 and 10) and effector (caspases 3, 6 and 7) caspases, initiator caspases being in charge of the limited proteolytic activation of effector ones. Caspase 8, an initiator caspase, and caspase 3, an effector caspase, are strongly inhibited by both serpins ( Table 2 ) and k ass values are in the range of 10 5 -10 6 M -1 ·s -1 indicating that this inhibition is of high physiological significance [17] .
Interestingly, these were the first mammalian serpins identified as strong inhibitor of human initiator and effector caspases and able to form SDS-stable complexes with these proteinases [19] . The only one other serpin found to inhibit caspases is crmA (Cytokine response modifier A) isolated from cowpox virus and unable to form SDS-stable complexes with caspases. Complexes were revealed only upon non denaturing polyacrylamide gel electrophoresis (Native-PAGE) [23] . In infected cells, crmA is suspected to block the apoptotic process during multiplication of the virus [23, 24] .
Ability to Form SDS-Stable Complexes with Their Target Enzymes
Serpin inhibition of cysteine proteases proceeds according to the same trapping mechanism than for serine proteases [25] . Upon SDS-PAGE, we could therefore expect to identify the covalent complexes for all proteases shown to be strongly inhibited by bovSERPINA3 isoforms. As illustrated in Figure 2 for bovSERPINA3-1, bovine serpins (70 K) are thus able to form SDS-stable complexes (C) with bovine pancreatic trypsin, human leukocyte elastase, human caspase 3 (apoptosis effector caspase) and human caspase 8 (apoptosis initiator caspase) [17] [18] [19] .
Regarding caspases 3 and 8, preincubation of these enzymes with bovSERPINA3-1 leads to an SDS-stable complex of about 106 kDa. According to the Mr value, the complexes would comprise the cleaved inhibitor (70 kDa) and the covalently bound caspase (≈30 kDa) transported to the distal pole of the serpin. The covalently bound caspase is very likely an heterodimeric moiety (with or without the small subunit) of the tetrameric molecule, the other moiety being very likely dissociated during heat denaturation of the sample in the presence of SDS. Further investigations are needed to clarify the exact mechanisms of the caspase/bovSERPINA3 complex formation and the behaviour of caspase subunits during complex formation [17] . Note that in Figure 2 , the 140 kDa band observed for all peptidases corresponds to a dimer of the serpin as assessed by N-terminal sequence analysis [18] . Similar findings were obtained with bov-SERPINA3-3 (results not shown).
CELLULAR LOCALIZATION AND TISSUE DISTRIBUTION
Immunolocalization of bovSERPINA3-1 was performed on transverse sections of freshly excised adult bovine Longissimus muscle and in proliferationg primary bovine Figure 2 . Covalent complexes upon SDS-PAGE between bovSERPINA3-1 and proteases as revealed by western blot, using the rabbit polyclonal antibody raised against this serpin [17] . Similar findings were obtained with bovSERPINA3-3 (not shown). Note that the 140 kDa band is a dimer of the 70 kDaserpin [18] . C, band corresponding to the complex formed with the different target enzymes: trypsin, Human Leukocyte Elastase (HLE) and human recombinant caspases 3 and 8. (-) inhibitor alone; (+) inhibitor incubated with the target enzyme (Enz).
Copyright © 2012 SciRes. ABB myoblast using a specific polyclonal rabbit antiserum. As depicted in Figure 3(a) , the muscle serpin is highly concentrated between the plasma membrane and the myofibrils, whereas lower fluorescence intensity can be seen within the myofibrils in the centre of muscle fibers, indicating that muscle serpin is exclusively intracellular with a preferential peripheral localization. No fluorescence was detected in the control sample for which the primary antibody was omitted (Insert of Figure 3(a) ). In primary bovine myoblast (Figure 3(b) ), a cytoplasmic localization was also noted and no fluorecence was observed within the nucleus comforting the intracellular localization observed in skeletal muscle.
Tissue distribution and content of bovSERPINA3-1 and other closely related serpins (see below) was assessed by ELISA (Enzyme Linked ImmunoSorbant Assay) in different bovine tissues and fluids including bovine plasma, liver, kidney and bovine diaphragma muscle. According to the results presented in Table 3 , this serpin is very abundant in plasma (≈1 mg/ml) as compared to liver (14 µg/g wet tissue), kidney (2 µg/g wet tissue) and muscle (1 µg/g wet tissue). Whether the serpin function is similar inside tissue cells and in blood is still unknown. 
COMPLEXITY OF THE BOV-SERPINA3 FAMILY
Polymorphism of bovSERPINA3s at the Protein Level
In the first step of the Purification procedure developed for bovSERPINA3-1 [18] , the crude muscle extract was run on a SP-Sepharose column (5 cm × 10 cm) and proteins were eluted using a NaCl gradient (Figure 4(a) ).
Western blot analysis of the fractions collected throughout the NaCl gradient revealed a cross-immunoreactivity with the antibody raised against the purified serpin, of most if not all fractions (Figure 4(b) ). Moreover, the antibody recognized a series of proteins with different Mr, suggesting that the bovSERPINA3 comprised different closely related members. To confirm this assumption, pooled active fractions FI and FII obtained upon gel filtration of a muscle crude extract and identified in Figure 5 (a) were analyzed by 2D gel electrophoresis and proteins revealed with the same anti-bovSERPINA3-1 antibody.
As assessed by western blot, 2D gel electrophoresis of the FI fraction revealed a complex protein pattern with pI ranging between about pH 4 and 6.8 ( Figure 5(b) ). It is impossible to determine the number of isoforms but the horizontal alignment of spots towards more acidic pH supports the presence of various degree of phosphorylation of these serpins (black line with close arrowhead). In addition some spots are distributed in a comma shape manner (arrows) suggesting that a large set of isoforms Figure 4 . Polymorphism of the bovSERPIN family as assessed by SDS-PAGE and western blot: (a) Elution profile of a muscle crude extract from a SP-Sepharose column [18] ; (b) Western blot analysis of the fractions eluted throughout the NaCl gradient (fraction number under each lane). As a control the purified ovSERPINA3-1 (70 kDa) was loaded in the first well (A3-1). b Figure 5 . Polymorphism of the Bov-SERPINA3 family as assessed by 2D gel electrophoresis. In the second purification procedure developed for the co-purification of Bov-SerpinA3-1 and A3-3 [19] , the first step is a chromatography of the muscle crude extract on a Sephadex G100 column (5 cm × 100 cm) and the two first fractions eluted were subjected to 2D gel electrophoresis (a). (b) 2D Gel analysis of the F1 fraction. (c) 2D gel analysis of fraction F2. Western blot were performed using the rabbit polyclonal antibody raised against Bov-SerpinA3-1.
are glycosylated to various extents, a feature in good agreement with the overestimated Mr obtained by gel electrophoresis for both A3-1 and A3-3 (70 and 75 kDa versus 43 -44 kDa for the Mr deduced from the protein sequences). This was confirmed recently by PNGase F (progressive removal of all N-glycans) treatment of recombinant glycosylated bovSERPINA3-3 produced and purified from S. cerevisiae [26] . Such treatment revealed six states of glycosylation corresponding to six different forms of different Mr separated by SDS-PAGE. A similar finding was obtained with purified bovSERPINA3-1 (unpublished data). These results are in good agreement with the five N-glycosylation sites identified in the sequence of this serpin [19] .
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As compared with fraction FI, fraction FII shows a wholly similar protein pattern plus some additional spots of lower Mr (open arrows in Figure 5(c) ). To conclude, all findings obtained so far emphasized the large molecular diversity of the bovine SERPINA3 family which led us to identify the genes encoding these proteins in bovine genome.
Genomic Organization of the Bovine Serpin A3 Genes
Clustering of serpin genes frequently occurs in the genome of human and other animal species. In human, the chromosome 14q32 cluster comprised several serpins genes encoding structurally related proteins with very diverse functions including SERPINA1 (α 1 -antitrypsin), SERPINA3 (α 1 -antichymotrypsin), SERPINA5 (PCI, protein C inhibitor), SERPINA9 (centerin), SERPINA10 (ZPI, protein Z-dependent protease inhibitor), SER-PINA11 (not characterized yet) as well as SERPINA4 (kallistatin precursor) [27] . In mouse, 14 genes mapped on chromosome 12F1 cluster were identified and encoded for closely related serpins of the SERPINA3 family [28] . Similarly, 6 genes encoding SERPINA3-like were mapped in rat on chromosome 6q32 cluster [29] , whereas in pork, 6 similar genes were mapped on chromosome 7q23-q26 cluster [30, 31] .
What about SERPINA3-like serpins' genes in bovine? Based on the first sequence available for bovSER-PINA3-1 and A3-3 [19] several probes were designed and used to screen for similar genes in the bovine genome. A cluster of eight genes and one pseudogene sharing a high degree of identity and the same structural organization was characterized [20] . Bovine SERPINA3 genes were localized by radiation hybrid mapping on 21q24 and only spanned over 235 Kilobases. For all these genes, we proposed a new nomenclature from bovSERPINA3-1 to bovSERPINA3-8. They share approximately 75% of identity with the human SERPINA3 (α 1 -antichymotrypsin) homologue. Preliminary expression analyses of these bovSERPINA3s showed different tissue-specific patterns and diverse states of glycosylation and phosphorylation, a finding in good agreement with the tissue distribution and the polymorphism of the bovSERPINA3-like assessed at the protein level by different approaches. Hence we concluded that the bovine SERPINA3 family comprised at least eight different proteins members and probably more with regards to their variable degree of post-translational modifications (various degrees of glycosylation and phosphorylation) (see Figure 5 ).
Comparative RCL Sequences and Potential Enzyme Targets
As mentioned above, the sequence of the RCL defines the enzyme specificity pattern of each serpin. Comparison of the RCL sequences of the eight proteins encoded by the genes mapped on bovine chromosome 21 provides additional information about their structural and functional relationship. According to the RCL sequences depicted in Figure 6 , 3 subgroups can be identified on the basis of their sequence homology. The first one (a) comprises bovSER- PINA3-1 and A3-3 which have been used throughout the present studies. The second (b) comprises all serpins showing the highest homology with bovSERPINA3-1 and able to inhibit trypsin (bov-SerpinA3-2 and A-3-4 to A3-6). All have an Arg (white on black bold letter R) residue at position 16 of the RCL and a Thr residues at position 17 (bold underlined T), two amino acid residues susceptible to explain their ability to inhibit strongly trypsin and elastase. The second group would comprise the two last serpins, namely bovSERPINA3-7 and A3-8, which have no Arg residues in similar position and would be unable to inhibit trypsin. By contrast, they both exhibit a Thr residue at position 16 and 17 and a Ser residue at position 17 and 18, respectively, suggesting that they will be able to inhibit elastase. This has been recently verified for bovSERPINA3-7. Position of the P1 residues identified as preferential cleavage sites for trypsin and elastase agrees well with the supposed invariable RCL length value of about 17 amino acids.
As suggested in their name, caspases cleaved polypeptides essentially at the carboxyl side of Asp residues. No other potential P1 residues are actually known. On the other hand we found that purified bovSERPINA3-1 and A3-3 are strong inhibitors of caspases 3 and 8 (k ass > 10 5 M -1 ·s -1 ). The only one Asp residue in bovSERPINA3-1 to A3-6 RCL susceptible to be targeted by both caspases is Asp 37 is far beyond the 17 th residue corresponding to the maximum length requested for serpin efficiency. bovSERPINA3-7 contains no Asp residue in its RCL while one Asp residue is observed at position 39 in bovSERPINA3-8. These observations strongly suggest that bovSERPINA3-1 to A3-6 would be able to inhibit caspases and to form SDS-stable complexes with them. Whereas bovSERPINA3-7 will not be able to inhibit caspases since no Asp residue can be found in the RCL sequence, the ability of bovSERPINA3-8 to inhibit these cysteine tetrameric proteases would seem possible but this assumption needs to be tested experimentally. By contrast, these last serpins are very likely able to inhibit elastase for which the P1 residue would be very likely Thr at position 16 for bovSERPINA3-7 and 17 for bovSERPINA3-8.
Regarding caspases, the present findings are therefore in total contradiction with the RCL length invariance of serpins established with various monomeric targeted serine proteases (trypsin, elastase...). Caspases are tetrameric cysteine proteases containing two active sites and whether the rule can be different for serpin interacttion with these much larger proteases is questionable and calls for further clarification.
POSSIBLE BIOLOGICAL FUNCTIONS OF BOVSERPINA3
Because of their ability to strongly inhibit caspases, two functions will be considered here because of the potential implications of cell death in these processes but this list is obviously not exhaustive and needs refinement. The first is of course apoptosis (Figure 7 ) which is the primary process of concern with regards to the presently discovered function for these inhibitors. The second is the differentiation of muscle cells for which a resistance to cell death has often been reported in the first stages corresponding to the proliferation and confluence of myoblast. In addition, because of their probable implication in cell survival, proliferation and differentiation [32] , caspases could be the potential targets for such a function in myoblast differentiation.
BovSERPINA3: A New Control Point of Apoptosis in Mammals
Since the 80's, it is well established that for most proteolytic systems, if not all, natural peptidase inhibitors constitute the major tool for controlling their biological activity. Regarding caspases, the first regulation level involves the conversion of zymogens to their active forms in response to inflammatory or apoptotic stimuli. This conversion is generally ensured by association of the peptidases with specified protein activator complexes. The second level of regulation involves the specific nhibition of active caspases by natural inhibitors. To i Figure 7 . Schematic and simplified diagram summarizing the major regulation points of the apoptotic process. With regards to the extrinsic pathway (Path 1), stimuli will bind to the death receptor inducing the activation of caspases 8 and 10 by association with their activator complexes (DISC or death-inducing signaling complex and CARD or caspase-recruitment domain). Besides the activation of effector caspases, caspase 8 will cleave Bid, a pro-apoptotic member of the Bcl2 protein family, which is at the cross between the intrinsic and extrinsic pathways. Cleaved Bid (tBid) will then initiate the contribution of mitochondria to the cell death process. Activation of caspase 8 by the activator complex can be lowered down by FLIP (FLICE inhibitory protein) a protein competing for binding to the activator complex. Activated caspase 8 will then in turn activate executioner caspases 3 and 7. The apoptotic status of the cell will be comforted by the release from mitochondria of diverse pro-apoptotic components including cytochrome c, a necessary member of the apoptosome complex responsible of the procaspase 9 activation. The only one inhibitor of caspase and hence of apoptosis so far identified in mammals are IAPs (Inhibitor of apoptosis proteins) which targeted initiator caspase 9 and effector caspases 3 and 7 [33] . If these steps failed, the process will continue to its end and lead to cell death and dismantling. The new control pathway reported here, namely the pseudo-irreversible inhibition of caspase by dedicated serpins, affect different step of the apoptotic process. The first control point (1) is the inhibition of initiator caspases, i.e. caspase 8 and probably also caspase 10. The second (2) is the probable inhibition of caspase 9, another initiator caspase. The third and last point is the inhibition of caspase 3 and, according to recent findings, caspase 7. In the present diagram, we introduce a third path to emphasize the major role of Heat Shock Proteins (HSPs). These proteins are generally expressed as soon as a cell undergoes a stress to preserve all cell functions by protecting their targets proteins from any structural and/or activity loss. HSPs may have therefore diverse anti-apoptotic actions by protecting the target protein substrates from hydrolysis by caspases and any other proteolytic system of concern and by forming complexes with diverse caspases at different stage of the process thus hindering their function [34, 35] . date, members of three protein families have been found capable of ablating caspase activity in vitro and in vivo [21, 24] . One of these, the Inhibitors of Apoptosis Protein (IAP) family regulates cellular apoptosis by direct caspase inhibition and are conserved from flies to humans [36] . They are potent inhibitors of caspase 3, 7 and 9 [37] and are the only one to be expressed in mammalian tissues and cells. In addition to these endogenous regulators there are virally encoded inhibitors-cowpox virus crmA and baculovirus p35-that are produced early in infection to suppress caspase-mediated host responses [38] . Protease inhibitors generally work by preventing hydrolysis of substrate by the enzyme, and almost all natural protease inhibitors achieve this by steric hindering access of substrates to the catalytic centre of the protease. Usually, inhibitors dock onto the same sites as substrates on the enzyme surface. By contrast, caspase inhibition by IAPs does not use these conventional mechanisms. To achieve their goal, IAPs block substrate access to the peptidase active site without directly docking into substrate pockets on the enzyme surface allowing hydrolysis of small molecules substrates after IAP binding [24, 38] .
It was therefore often thought that, for unknown reasons, cystatins or serpins do not seem to have been cho-sen for endogenous caspase regulation in eukaryotic cells. This gap now seems to be filled in with the results reported here and invalidating this statement. Indeed, all findings reported clearly demonstrate that eukaryotic cells have in fact developed very efficient pseudo-ireversible caspase inhibitors belonging to the serpin superfamily, a superfamily of inhibitors well known to form pseudo-irreversible complexes with their target peptidases. We further showed here that, in contrast to the cowpox virus crmA, they form SDS-stable serpin/caspases complexes both in vitro and in situ according to recent findings (unpublished data). Such a more radical inhibition of the caspases than IAPs is indeed essential and constitutes probably an absolute prerequisite for a strict and efficient regulation of apoptosis. Because of their ability to inhibit pseudo-irreversibly initiator and effector caspases, such caspase inhibiting serpins might play a central role in apoptosis regulation and, may be also, in inflammatory processes.
Role in Muscle Cells Differentiation
During the process of muscle development, myoblasts proliferate and then undergo differentiation, fusing to form multinucleated myotubes. During the proliferating phase, it was suggested that myoblast are protected against cell death by different still unclear mechanisms. Some authors suggested that this protection is mediated by thrombin [39] , a trypsin-like serine peptidase expressed in muscle cells [40] and decreasing significantly the number of apoptotic cells in culture performed in the presence of this peptidase [39] .
Because bovSERPINA3s are strong inhibitors of initiator and executioner caspases, their expression in differentiating primary myoblasts was followed by immunohistochemistry using the anti-bovSERPINA3-1 antibody. As depicted in Figure 8 , bovSERPINA3 are expressed in proliferating (Figure 8(a) ) and in confluent (Figure 8(b) ) myoblasts but not in differentiated myotubes (Figure 8(c) ). In Figure 8(d) , we can observe a reminiscent fluorescence which must be very likely ascribed to myotubes which are still under differentiation. At the end of the 90's, it was suggested that protective action against myoblasts cell death might be ascribed to the synthesis of an unknown apoptosis inhibitory factor [39] . The caspase inhibiting serpins described in this report might be this factor suggesting a real contribution of bovSERPINA3 to cell survival in differentiating primary myoblast, a result in good agreement with the expression pattern of these serpins during the different steps of the process.
CONCLUSION
This report stress forward that, in contrast to what has been often recognized, mammalian cells express diverse serpins able to inhibit strongly caspases, a family of proteases responsible for cell dismantling during apoptosis or programmed cell death. In bovine, 8 genes encoding 8 closely related serpins have been identified. As deduced from their RCL sequences, it is clear that six of them are able to inhibit initiator and effector caspases. They are all intracellular and, as they have a signal peptide, they can be exported and this was supported by their particular high concentration in plasma. They are further widely distributed and were present in all tissues and fluids so far examined. All are highly homologous to human SERPINA3, a group comprising one member known as the α 1 -antichymotrypsin, a serpin also highly concentrated in blood and inhibiting strongly elastase. From a practical point of view, these results may offer new fields of research, especially in human where dysfunction of the apoptotic process is known to led to severe pathologies including cancer for which no totally efficient therapy have been so far found [2] . Such caspase inhibiting serpins are not well known and much remains to be done if we expect to better understand their biological functions and their exact role in apoptosis.
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